We examined whether the temporal representation developed during motor training with reducedfrequency knowledge of results (KR; feedback available on every other trial) was transferred to an imitation learning task. To this end, four groups first practised a three-segment motor sequence task with different KR protocols. Two experimental groups received reduced-frequency KR, one group received highfrequency KR (feedback available on every trial), and one received no-KR. Compared to the no-KR group, the groups that received KR learned the temporal goal of the movement sequence, as evidenced by increased accuracy and consistency across training. Next, all groups learned a single-segment movement that had the same temporal goal as the motor sequence task but required the imitation of biological and nonbiological motion kinematics. Kinematic data showed that whilst all groups imitated biological motion kinematics, the two experimental reduced-frequency KR groups were on average $800 ms more accurate at imitating movement time than the high-frequency KR and no-KR groups. The interplay between learning biological motion kinematics and the transfer of temporal representation indicates imitation involves distinct, but complementary lower-level sensorimotor and higher-level cognitive processing systems.
Introduction
Imitation learning (henceforth imitation) is a powerful mechanism for acquiring movements that are not present within an individual's sensorimotor repertoire. This process involves observing, and then imitating, a novel movement performed by human or non-human agents. Over repeated attempts, the goal(s) and biological movement kinematics displayed by an agent are encoded as a sensorimotor representation that acts as an internal model (efference copy) for comparison against incoming afferent (i.e., visual, proprioceptive) sensorimotor signals (Iacoboni, 2005; Wolpert, Doya, & Kawato, 2003) . Any resulting discrepancies between expected and actual sensory consequences are then minimized by online adjustments to the ongoing motor response (Burke, Tobler, Baddeley, & Schultz, 2010; Carroll & Bandura, 1982; Kilner, Friston, & Frith, 2007) and offline adjustments for the next response.
Knowledge-of-results (KR) regarding a goal-directed movement (e.g., move from target to home in a certain time) influences offline planning (i.e., error correction between trials) processes during motor training (Debener et al., 2005; Miltner, Braun, & Coles, 1997) . Although KR provided after every motor response significantly improves sensorimotor accuracy and variability, and motivation (Bilodeau, Bilodeau, & Schumsky, 1959) , it can be detrimental to learning because performers become dependent on the guiding informational properties such that performance is degraded when KR is not available (Salmoni, Schmidt, & Walter, 1984) . In seminal work, KR frequency was examined during the acquisition (Schmidt, Young, Swinnen, & Shapiro, 1989; Winstein & Schmidt, 1990 ) and imitation (Badets & Blandin, 2004) of motor timing tasks such that groups received KR every trial (100% KR) or across reduced-frequency conditions (e.g., 50% KR). As expected for 100% KR groups, timing accuracy improved with practice and KR, but reduced-frequency feedback led to significantly more accurate timing performances in retention tests. The retention effects are suggested to be underpinned by learning processes that are developed during no-KR trials (e.g., inter-trial processing) where performers operationalise (Salmoni et al., 1984; Schmidt et al., 1989; Winstein & Schmidt, 1990) self-generated, higher-order attention demanding processes associated with detecting, estimating, and correcting response produced errors. 
